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Abstract
Ground state properties of spinless, extended Falicov-Kimball model (FKM) on a finite size triangular lattice with orbital magnetic
field normal to the lattice are studied using numerical diagonalization and Monte-Carlo simulation methods. We show that the
ground state configurations of localized electrons strongly depend on the magnetic field. Magnetic field induces a metal to insulator
transition accompanied by segregated phase to an ordered regular phase except at density n f = 1/2 of localized electrons. It is
proposed that magnetic field can be used as a new tool to produce segregated phase which was otherwise accessible only either with
correlated hopping or with large on-site interactions.
Keywords: A. Strongly correlated electron systems; C. Triangular lattice; D. Orbital Magnetic field
1. Introduction
Electrons moving in a periodic potential under the influence
of external magnetic field is an extensively studied problem
in low dimensional systems, giving rise to many novel phe-
nomenon like Quantum Hall effect [1, 2] and Hofstadter but-
terfly [3] structure in the non-interacting limit. Electron corre-
lations play an important role to govern the properties of the
systems in low dimensions. In the limit of finite electron corre-
lations very little results are known because of complex nature
of problem.
Systems like cobaltates [4, 5, 6], GdI2 [7] and its doped vari-
ant GdI2Hx [8], NaTiO2 [9, 10, 11], MgV2O4 [12] etc. have at-
tracted great interest as they exhibit a number of remarkable co-
operative phenomena such as valence and metal-insulator tran-
sition, charge, orbital and magnetic order, excitonic instabil-
ity and possible non-fermi liquid states [7]. In these systems
ordering is governed by interplay between kinetic and interac-
tion energies of electrons and underlying lattices. These are
layered, triangular lattice systems and are characterized by the
presence of localized ( f -) and itinerant (d-) electrons. The ge-
ometrical frustration from underlying triangular lattice coupled
with strong quantum fluctuations give rise to a huge degeneracy
at low temperatures resulting in competing ground states close
by in energy. Therefore, for these systems one would expect a
fairly complex ground state phase diagram and the presence of
soft local modes strongly coupled with the itinerant electrons.
It has proposed that these systems may very well be de-
scribed by different variants of the Falicov-Kimball model
(FKM) [7, 8] on a triangular lattice. The FKM was introduced
to study the metal-insulator transitions in the rare-earth and
transition-metal compounds [13, 14]. The model has also been
used to describe a variety of many-body phenomenon such as
tendency of formation of charge and spin density wave, mixed
valence, electronic ferroelectricity and crystallization in binary
alloys [15, 16, 17].
Recently ground state properties of spinless FKM on a tri-
angular lattice with correlated hopping (t′) are reported [18].
The correlated hopping term was taken into account due to fact
that in some rare earth compounds (specially the mixed-valence
compounds), the rare earth ions with two different ionic config-
urations f n and f n−1 have different ionic radii. The contrac-
tion of d-orbitals in ions having f n−1 configuration, for reduced
screening of nuclear charge, leads to increased localization of
d-electrons. Hence the d-orbital overlap between nearest neigh-
bors depends on local f -electron configurations of neighboring
ions, resulting in a correlated hopping (t′) of d-electrons. In
this study several charge ordered states of varying periodici-
ties and phase segregated configurations was reported for dif-
ferent parameters e.g. filling, on-site interaction between d-
and f -electrons (U) and correlated hopping t′. In presence of
correlated hopping phase segregation was seen even at smaller
U-values. A rich phase diagram of localized electrons was re-
ported due to combined effects of correlation and frustration on
a triangular lattice.
Many numerical and exact calculations are available for dif-
ferent extensions of Falicov-Kimball model on bipartite and
non-bipatatite lattices in the absence of magnetic filed taking
into account interactions between itinearant and localized elec-
trons [15, 16, 19, 20, 21, 22]. But there is only few results are
available for FKM with finite magnetic field [23, 24, 17].
In a very recent study ground state properties of FKM with
orbital magnetic field perpendicular to the triangular lattice are
reported for U = 0 and for large U cases [25]. Combined ef-
fects of magnetic field and on-site interactions on ground state
properties are reported by studying energy spectrum of itiner-
ant electrons. At all chosen values of U, it is shown that mag-
netic field affects the energy spectrum. They have reported an
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Figure 1: (Color online) Schematic plot of a triangular lattice of size (3 × 3)
with an uniform magnetic flux α in each triangle is shown. A particular bond on
a triangle is shown by dotted line with coordinates (x1, y1) and (x2, y2). Direct
primitive lattice vectors on a triangular lattice are shown in orange color and
given by ~a1 = a(1, 0) and ~a2 = a( 12 ,
√
3
2 ), where a is the lattice constant. These
primitive lattice vectors are used to generate the coordinates of bonds on each
triangle. Arrow shown in blue color in each triangle represents direction of
hopping of itinerant electrons in a triangle.
ordered ground state configurations and found that at certain
values of flux, gap at Fermi-level in energy spectrum decreases.
Also, at all values of flux a finite gap is seen in the energy spec-
trum for finite electron correlations.
There are no rigorous results are available for the FKM on
triangular lattice with finite magnetic flux in all range of on-site
interaction U. Specifically it would be very interesting to see
the effects of magnetic field on the ground state configurations
of localized electrons in the limit of U ∼ t. In the presence of
magnetic field and on-site interaction there will be competition
between different length scales namely cyclotron radius, inter-
atomic distance and type of patterns in the ground state con-
figuration of f -electrons. Exploring the role of magnetic field
on the ground state configurations in the presence of correlated
hopping t′ will also be quite interesting.
Therefore, in the present paper we have explored the spinless
extended Falicov-Kimball model on a triangular lattice with fi-
nite magnetic flux in each traingle. We have studied the ground
state configuarations and their nature (metallic/insulating) for
different range of parameters like U, t′ and filling of electrons.
These results on FKM with magnetic field are also relevant in
the context of cold atomic systems. There are recent proposals
that FK Hamiltonian can be seen in the lab using optical lattices
loaded with mixture of light and heavy atoms for both bosonic
and fermionic cases [26, 27, 28].
The FKM Hamiltonian with finite magnetic flux in each tri-
angle is given as,
H =
∑
〈i j〉
[{
− ti j + t′i j
(
f †i fi + f
†
j f j
) }
Figure 2: Eigen spectrum of itinerant electrons as a function of magnetic flux
α (= φφ0 =
√
3a2
2 B) per unit cell on a triangular lattice of size (L = 24) at U = 0
with periodic boundary condition.
exp
± ie~c
~R j∫
~Ri
A(~r) · d~r
 − µδi j
]
d†i d j + U
∑
i
f †i fi d
†
i di
+ E f
∑
i
f †i fi (1)
here 〈i j〉 denotes the nearest neighboring (NN) lattice sites i and
j. The d†i , di ( f
†
i , fi) are, respectively, the creation and annihi-
lation operators for d- ( f -) electrons at site i. First term is the
kinetic energy of the d- electrons in the presence of orbital mag-
netic field, induced by vector potential A(~r), affecting the hop-
ping of d-electrons. Here t is quantum mechanical hopping am-
plitude and t′ is correlated hopping of d-electrons depending on
the occupation of nearest-neighboring sites of f -electrons [18].
The µ is chemical potential. Second term is on-site interaction
between d- and f -electrons. The last term is the dispersionless
energy level E f of f -electrons.
2. Methodology
Hamiltonian H (Eqn. (1)), preserves the states of f -electrons,
i.e. d- electrons traveling through the lattice does not change
occupation numbers of f -electrons. Therefore, local f -elctron
occupation number nˆ f i = f
†
i fi is invariant and
[
nˆ f i,H
]
= 0 for
all i. This also shows that ωi = f
†
i fi is a good quantum number
taking values only 1 or 0 according to whether the site i is occu-
pied or unoccupied by f -electron, respectively. Following the
local conservation of f -electron occupation and for magnetic
field perpendicular to the plane of a triangle [29] (with Landau
gauge, choosing the vector potenial as A(~r) = B (0, x, 0) [30]),
H can be written as,
H =
∑
〈i j〉
hi jd
†
i d j + E f
∑
i
ωi (2)
2
with,
hi j =
[{
− ti j + t′i j(ωi + ω j)
}
exp
(
±2pii
{ (x2 + x1)(y2 − y1)
2
} ( 4√
3a2
φ
φ0
))
+ (Uωi − µ)δi j
]
(3)
here φ =
√
3a2
4 B, is an uniform magnetic flux in each trian-
gle, φ0 = hce , is Dirac flux quanta and (x1, y1) and (x2, y2) are
coordinates of a bond on a triangle (see Fig. 1). Choosing
φ
φ0
= α ∈ [0, 1] and a as unity, h reduces as, hi j =
[{
−ti j+t′i j(ωi+
ω j)
}
exp
(
±2pii
{
(x2+x1)(y2−y1)
2
} (
4√
3
))
α+(Uωi−µ)δi j
]
. This choice
of gauge ensures hopping in x-direction is
[
− ti j + t′i j
(
ωi + ω j
) ]
while hopping in other directions, around a triangle, from
x-axis is
[
−ti j + t′i j
(
ωi + ω j
)]
exp
(
±2pii
{
(x2+x1)(y2−y1)
2
} (
4√
3
)
α
)
.
The choice of gauge field has produced Hofstadter’s butterfly
structure on the triangular lattice is shown in Fig. 2. [31]
The Hamiltonian H in Eqn. (2) shows that f -electrons act as
an external charge potential or annealed disordered background
for itinerant d-electrons. This external potential of f -electrons
can be “annealed” to find the minimum total internal energy of
the system. It is clear that there is inter-link between subsys-
tems of f - and d-electrons. This inter-link is responsible for the
long range ordered configurations and different charge configu-
rations of f - electrons in the ground state.
We set the scale of energy with t〈i j〉 = 1. The value of µ
is chosen such that filling is (n f + nd)2 (e.g. n f + nd =
1
2 is one
fourth-filled case and n f + nd = 1 is half-filled case etc.), where
n f =
N f
N , nd =
Nd
N and N are density of f -, d- electrons and
total number of sites respectively (N f and Nd are total number
of f - and d-electrons, respectively). For a lattice of compris-
ing N sites the H({ω}) (given in Eqn. (2)) is a N × N matrix
for a fixed configuration {ω}. For one particular value of n f ,
we choose configuration {ω} = {ω1, ω2, · · · , ωN}. Choosing the
parameters t′, U and α, the eigenvalues λi(i = 1 · · ·N) of h({ω})
are calculated using the numerical diagonalization technique on
the triangular lattice of finite size N(= L2, L = 12) with peri-
odic boundary conditions (PBC). For few cases results are also
checked for larger system size (e.g. L = 24).
Our aim is to find the unique ground state configuration (state
with minimum total internal energy) of f - electrons out of ex-
ponentially large possible configurations for a chosen density of
f -electrons n f . In order to achieve this goal, we have used clas-
sical Monte Carlo simulation algorithm by annealing the static
classical variables {ω} ramping the temperature down from a
high value to a very low value. Details of the method can be
found here[18, 19, 20, 21, 22].
3. Results and discussion
In the present paper we have studied the ground state proper-
ties of the FKM on a finite strip of triangular lattice with finite
magnetic flux α in each triangle for various range parameters
like correlated hopping (t′), on-site interactions between d- and
f - electrons (U) and density of f -electrons (n f ). The value of
t'/t = 0, nf = 1/4, α = 0
(a)
t'/t = 0, nf = 1/4, α = 1/6
(b)
t'/t = 0, nf = 1/4, α = 1/4
(c)
t'/t = 0, nf = 1/4, α = 1/3
(d)
t'/t = 0, nf = 1/4, α = 5/12
(e)
t'/t = 0, nf = 1/4, α = 1/2
(f)
Figure 3: Ground state configurations of localized f -electrons for U/t =
1, t′/t = 0, n f = 1/4 and at (a) α = 0, (b) α = 1/6, (c) α = 1/4, (d) α = 1/3,
(e) α = 5/12 and (f) α = 1/2. Here and onwards, in all figures filled circles
correspond to the sites occupied by f -electrons while open circles correspond
to the unoccupied sites.
t'/t = 0, nf = 1/3, α = 0
(a)
t'/t = 0, nf = 1/3, α = 1/12
(b)
t'/t = 0, nf = 1/3, α = 1/6
(c)
t'/t = 0, nf = 1/3, α = 1/4
(d)
t'/t = 0, nf = 1/3, α = 1/3
(e)
t'/t = 0, nf = 1/3, α = 1/2
(f)
Figure 4: Ground state configurations of localized f -electrons for U/t =
1, t′/t = 0, n f = 1/3 and at (a) α = 0, (b) α = 1/12, (c) α = 1/6, (d) α = 1/4,
(e) α = 1/3 and (f) α = 1/2.
t'/t = 0, nf = 1/2, α = 0
(a)
t'/t = 0, nf = 1/2, α = 1/6
(b)
t'/t = 0, nf = 1/2, α = 1/4
(c)
t'/t = 0, nf = 1/2, α = 1/3
(d)
t'/t = 0, nf = 1/2, α = 5/12
(e)
t'/t = 0, nf = 1/2, α = 1/2
(f)
Figure 5: Ground state configurations of localized f -electrons for U/t =
1, t′/t = 0, n f = 1/2 and at (a) α = 0, (b) α = 1/6, (c) α = 1/4, (d) α = 1/3, (e)
α = 5/12 and (f) α = 1/2.
3
t'/t = 0, nf = 2/3, α = 0
(a)
t'/t = 0, nf = 2/3, α = 1/6
(b)
t'/t = 0, nf = 2/3, α = 1/4
(c)
t'/t = 0, nf = 2/3, α = 1/3
(d)
t'/t = 0, nf = 2/3, α = 5/12
(e)
t'/t = 0, nf = 2/3, α = 1/2
(f)
Figure 6: Ground state configurations of localized f -electrons for U/t =
1, t′/t = 0, n f = 2/3 and at (a) α = 0, (b) α = 1/6, (c) α = 1/4, (d) α = 1/3, (e)
α = 5/12 and (f) α = 1/2.
U is chosen equal to hopping amplitude t, where, one would ex-
pect prominent role of magnetic flux on the ground state prop-
erties. Half filled case i.e. n f + nd = 1 is considered throughout
the study.
Before going to details of the results obtained for various pa-
rameters, first let us discuss general nomenclature (for details
see [18]) used further for different types of ground state config-
urations. Various ground state configurations encountered are
mainly: Regular phase: where the filled sites are arranged in a
long range ordered pattern (Fig. 3(a)). There are also situations
where a nearly regular pattern with few defects appear. These
have been named as ‘quasi-regular’ phase (Fig. 4(a)). Bounded
phase: where several domains of empty sites surrounded by
filled sites on all sides (Fig. 5(a)). Hexagonal phase: where f -
electrons form hexagonal structures (Fig. 6(a)). Stripe phase:
where the filled sites form axial or diagonal stripes (Fig. 5(b)-
(f)). Segregated phase: where region of sites occupied by f -
electrons are segregated from the unoccupied sites (Fig. 3(c)).
3.1. Correlated hopping t′ = 0
First we have shown the effect of magnetic flux on usual
FKM (t′ = 0) for U/t = 1 and for four different densities of
f -electrons e.g. n f = 1/4, 1/3, 1/2 and 2/3.
Ground state configurations of f -electrons for n f = 1/4 at
different α-values are shown in Fig. 3. At different flux val-
ues regular, segregated, diagonal and axial stripe patterns of f -
electrons are observed. It is interesting to note down that at zero
flux regular pattern of f -electrons was reported (Fig. 3(a)) [18].
As we turn on magnetic field, segregation in f -electrons con-
figuration is seen (Fig. 3(b)). At α = 1/4, a fully segregated
phase is seen (Fig. 3(c)). With further increase in flux different
kinds of ordered regular patterns are seen (Fig. 3(d)-(e)). It can
be clearly seen that ground state configuration strongly depends
on the magnetic field.
Configurations of minimum energy of f -electrons for n f =
1/3 at different α-values are shown in Fig. 4. At α = 0 quasi-
regular phase is seen (Fig. 4(a)). With finite α, first different
kinds of ordered regular configurations of f -electrons are ob-
served (Fig. 4(b)-(c)). Again at α = 1/4, a fully segregated
0
1
2
3
0 0.1 0.2 0.3 0.4 0.5
∆
/t
α
nf = 1/4
nf = 1/3
nf = 1/2
nf = 2/3
t'/t = 0
Figure 7: (Color online) Flux dependence of gap ∆ at t′ = 0 and for different
density of f -electrons n f .
phase is seen (Fig. 4(d)). With further increase in flux regu-
lar ordered patterns are seen (Fig. 4(e)-(f)). At n f = 1/3 also
ground state configurations change with change in magnetic
field.
Fig. 5 shows the configurations of f -electrons for density
n f = 1/2 and for different α-values. At α = 0 bounded phase
of f -electrons (Fig. 5(a)) is seen. Here few unoccupied sites are
surrounded by occupied sites by f -electrons. With finite flux,
axial and diagonal stripe patterns are seen (Fig. 5(b)-(f)). It is
observed that flux promotes the ordered phases as at flux α = 0
nearly ordered bounded phase was found [18]. Interestingly at
density n f = 1/2 no segregation in configuration of f -electrons
is seen. Around α ∼ 1/2 diagonal stripe pattern of f -electrons
is seen.
Ground state configurations of f -electrons for n f = 2/3
at different α-values are shown in Fig. 6. At small values
of α hexagonal phase is seen (Fig. 6(a)-(b)). A fully segre-
gated phase of f -electrons again seen at this filling (Fig. 6(c)).
With further increase in magnetic field a regular pattern of f -
electrons is seen (Fig. 6 (d)-(f)).
In order to see the role of magnetic field on electronic prop-
erties of ground state configurations we have studied the den-
sity of states (DOS) for various α-values (not shown here). A
collapse in the energy levels in several groups is seen at finite
magnetic flux. Further, a finite gap around Fermi level (energy
level corresponding to Nd) for ordered regular patterns of f -
electrons is found. In case of phase segregation infinitesimally
small or vanishing gap in DOS is seen around the Fermi level.
These results clearly show that magnetic field produces a metal
to insulator transition even at finite value of U.
Variation of gap ∆ (= E(Nd + 1,N f ) + E(Nd − 1,N f ) −
2E(Nd,N f )) with magnetic flux α at different n f is shown in
Fig. 7. At all chosen density of f -electrons, ∆ shows irregular
dependence on magnetic flux α. Except at density n f = 1/2,
∆ goes to zero for α = 1/4. It is already noted that ∆ is finite
for regular pattern and it tends to zero for segregated phase of
4
t'/t = -1.0, nf = 1/3, α = 0
(a)
t'/t = -1.0, nf = 1/3, α = 1/6
(b)
t'/t = -1.0, nf = 1/3, α = 1/4
(c)
t'/t = -1.0, nf = 1/3, α = 1/3
(d)
t'/t = -1.0, nf = 1/3, α = 5/12
(e)
t'/t = -1.0, nf = 1/3, α = 6/12
(f)
Figure 8: Ground state configurations of localized f -electrons for U/t =
1, t′/t = −1, n f = 1/3 and at (a) α = 0, (b) α = 1/6, (c) α = 1/4, (d) α = 1/3,
(e) α = 5/12 and (f) α = 1/2.
f -electrons. These results can be understood in terms of the
ground state configurations. In case of regular phase, local-
ized f -electrons are distributed on throughout lattice. There-
fore, itinerant d-electrons traveling through the lattice will face
the finite on-site interaction on the sites where f -electrons are
already present. In this case system behaves like an insulator
with a finite gap around Fermi-level. While in case of phase
segregation, traveling d-electrons, find empty space on the lat-
tice where they can travel through without any on-site interac-
tion from f -electrons. In this case system behaves like a metal
with vanishing gap around Fermi-level.
These results clearly show that the competition between band
energy of d-electrons, on-site interaction U and magnetic flux
α produces an exotic feature – metal to insulator transition ac-
companied by segregated phase to an ordered regular phase of
f -electrons.
As we already mentioned that in earlier study several in-
teresting ground state configuarions of f -electrons with corre-
lated hopping (t′), where hopping of d-electrons depends on
occuapation of f -electrons on nearest-neighboring sites, were
reported [18]. Now it will be interesting to see if magnetic field
can produce new states in the presence of correlated hopping t′.
Therefore, we have studied the ground state properties of FKM
on a triangular lattice with finite magnetic flux α for two values
of correlated hopping t′ = −1 and 1 respectively.
3.2. Correlated hopping t′ = −1
Fig. 8 shows different ground state configurations of f -
electrons at density n f = 1/3 for different α-values. Fig. 8(a)
shows that ground state configuration is quasi-regular at α = 0.
Phase segregation takes place with increase in α (Fig. 8(b)-
(c)). With further increase in α values, ground state shows
different types of ordered configurations of localized electrons
(Fig. 8(d)-(f)). It seems magnetic field first promotes phase seg-
regation and afterwards ordered regular configurations are pro-
moted.
Fig. 9 shows the ground state configurations for different α-
values at n f = 1/2. Bounded phase of localized electrons
was reported earlier at zero magnetic field (Fig. 9(b)). At
t'/t = -1.0, nf = 1/2, α = 0
(a)
t'/t = -1.0, nf = 1/2, α = 1/6
(b)
t'/t = -1.0, nf = 1/2, α = 1/4
(c)
t'/t = -1.0, nf = 1/2, α = 1/3
(d)
t'/t = -1.0, nf = 1/2, α = 5/12
(e)
t'/t = -1.0, nf = 1/2, α = 1/2
(f)
Figure 9: Ground state configurations of localized f -electrons for U/t =
1, t′/t = −1, n f = 1/2 and at (a) α = 0, (b) α = 1/6, (c) α = 1/4, (d) α = 1/3,
(e) α = 5/12 and (f) α = 1/2.
α = 1/6 a mixture of regular and segregated phase is seen
(Fig. 9(b)). For this density at α = 1/4 nearly hexagonal phase
is seen (Fig. 9(c)). At α = 1/3 again bounded phase is found
(Fig. 9(d)). With further increase in α axial stripes patterns are
identified (Fig. 9(e)-(f)). Interestingly no phase segregation is
again seen at α = 1/4 for density n f = 1/2 of f -electrons.
We have also studied the ground state configurations of f -
electrons at n f = 1/4 and 2/3 for different α-values (not show
here). In the case of n f = 1/4, for small α-values regular
arrangement of f -electrons in the ground state is seen. With
increase in α segregation of localized electrons is found. At
α = 1/4 fully segregated phase is seen. With further increase
in flux an ordered regular patterns are seen. For n f = 2/3,
bounded phase is seen at small values of α and at α = 1/3.
Fully segregated phases are seen at all other chosen values of α.
It shows that at n f = 2/3 magnetic field strongly promotes the
phase segregation at t′ = −1. Further, these results also indicate
that the ground state configuration depends on magnetic field at
t′ = −1.
We have also studied the density of states (DOS) with mag-
netic fields for t′ = −1 and at different densities of f -electrons
(not shown here). We have found metallic nature (vanishing gap
around Fermi level) for segregated and mixture of segregated
and hexagonal phases. Insulating nature is found for ordered
phases like axial stripes and hexagonal phases. At t′ = −1 again
metal to insulator transition accompanied by phase segregation
to an ordered phase at finite magnetic field is seen. Variation
of gap ∆ with magnetic flux at different n f is shown in Fig. 10.
Similar to the case of t′ = 0, ∆ shows no regular dependence
on magnetic field. Similar to the case of t′ = 0 (where gap was
closing at α = 1/4), here, in addition to α = 1/4, ∆ closes at
other α-values also. These results can be understood by looking
at the ground state configurations as discussed earlier.
Again, these results show the competition between band en-
ergy of d-electrons, on-site interaction U and magnetic flux α.
The competition between different energies gives rise to metal
to insulator transition accompanied by segregated phase to an
ordered regular phase of f -electrons.
5
01
2
3
4
5
0 0.1 0.2 0.3 0.4 0.5
∆
/t
α
nf = 1/4
nf = 1/3
nf = 1/2
nf = 2/3
t'/t = -1
Figure 10: (Color online) Variation of gap ∆ with flux α at t′ = −1 and for
different density of f -electrons n f .
t'/t = 1, nf = 1/2, α = 0
(a)
t'/t = 1, nf = 1/2, α = 1/4
(b)
t'/t = 1, nf = 1/2, α = 1/3
(c)
t'/t = 1, nf = 1/2, α = 1/2
(d)
Figure 11: Ground state configurations of localized f -electrons for U/t =
1, t′/t = 1, n f = 1/2 and at (a) α = 0, (b) α = 1/4, (c) α = 1/3 and (d)
α = 1/2.
3.3. Correlated hopping t′ = 1
A complete phase segreagtion of localized electrons was ear-
lier reported for correlated hopping t′ = 1 [18]. In order to
see the effects of magnetic field on the ground state properties
at t′ = 1 we have studied FKM for different densities of f -
electrons. The ground state configurations of f -electrons do not
depend on magnetic flux α for all considered values of n f (only
n f = 1/2 case for different values of α is shown in Fig. 11). At
all chosen values of α segregated phase is found as ground state
configuration of f -electrons. It shows that for U ∼ t, energy
gained by the itinerant electrons in phase segregation is more
than the potential raised by magnetic flux and on-site interac-
tions. In this case no metal to insulator transition is observed
with finite magnetic flux α.
We have also studied the FKM for large values of U (say
U/t = 5) and at different values of α. We have found an or-
dered regular ground state configuartion with finite gap in the
energy spectrum at all chosen values of α. These results are in
agreement to earlier findings [25]. At this value of U, flux does
not have any role on the ground state configurations.
4. Summary and conclusion
In summary, the ground state properties of spinless extended
Falicov-Kimball model (FKM) on a triangular lattice with finite
magnetic flux perpendicular to the lattice is studied for half-
filled case. It is seen that ground state configurations of local-
ized electrons strongly depend on the magnetic flux. Magnetic
field produces a metal to insulator transition accompanied by
segregated phase to an ordered phase of localized electrons for
correlated hopping t′ = −1 and 0. Ground state configurations
have no magnetic field dependence at t′ = 1. These results are
applicable to the systems of recent interest like GdI2, NaTiO2
and MgV2O4 etc and can also be seen in the lab for cold atomic
systems.
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